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A novel mixed salt of S-[2-[(l-Iminoethyl)amino]ethyl]-2 
methyl-L-cysteine is disclosed. The novel mixed salt, S-[2 
[(1 -Iminoethyl)amino] ethyl] -2 -methyl-L-cysteine maleate 
hydrochloride, may be produced to form crystals that may be 
arranged as generally orderly packed agglomerates, Which 
are particularly useful in making pharmaceutical composi 
tions. Such pharmaceutical compositions are also described, 
as Well as methods to make crystalline S-[2-[(l-Iminoethyl) 
amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride, 
and methods of treating conditions characterized by an over 
expression on nitric oxide from the inducible isoform of nitric 
oxide synthase using the S-[2-[(l-Iminoethyl)amino]ethyl] 
2-methyl-L-cysteine maleate hydrochloride. 
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S-[2-[(1-IMINOETHY)AMINO]ETHYL]-2 
METHYL-L-CYSTEINE MALEATE 

HYDROCHLORIDE CRYSTALLINE SALT 

Priority is claimed from US. Provisional Application Ser. 
No. 60/453,496, ?led Mar. 11, 2003 incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention comprises a novel compound useful 
in the treatment of disease, and more particularly a novel salt 
of S-[2-[(1 -Iminoethyl)amino] ethyl] -2-methyl-L-cysteine, 
and even more particularly a novel crystalline S-[2-[(1-Imi 
noethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydro 
chloride, and pharmaceutical compositions thereof, for the 
treatment of conditions involving an inappropriate expression 
of nitric oxide from the inducible isoform of nitric oxide 
synthase. 

S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine is 
described and claimed in commonly assigned US. Pat. No. 
6,403,830, herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

Nitric oxide (NO) is a bioactive free radical gas produced 
by any one of several isoforms of the enZyme nitric oxide 
synthase (NOS). The physiological activity of What Was later 
identi?ed as NO Was initially discovered in the early 1980’s 
When it Was found that vascular relaxation caused by acetyl 
choline is dependent on the presence of the vascular endot 
helium. The factor derived from the endothelium, then called 
endothelium-derived relaxing factor (EDRF), that mediates 
such vascular relaxation is noW knoWn to be NO that is 
generated in the vascular endothelium by one isoform of 
NOS. The activity of NO as a vasodilator has been knoWn for 
Well over 100 years. In addition, NO is the active species 
derived from knoWn nitrovasodilators including amylnitrite, 
and glyceryltrinitrate. Nitric oxide is also an endogenous 
stimulator of soluble guanylate cyclase (cGMP), and thus 
stimulates cGMP production. When NOS is inhibited by 
N-monomethylarginine (L-NMMA), cGMP formation is 
completely prevented. In addition to endothelium-dependent 
relaxation, NO is knoWn to be involved in a number of bio 
logical actions including cytotoxicity of phagocytic cells and 
cell-to-cell communication in the central nervous system. 

The identi?cation of EDRF as NO coincided With the dis 
covery of a biochemical pathWay by Which NO is synthesized 
from the amino acid L-arginine by the enZyme NO synthase. 
There are at least three types of NO synthase as folloWs: 

(i) a constitutive, Ca++/calmodulin dependent enZyme, 
located in the brain, that releases NO in response to receptor 
or physical stimulation; 

(ii) a Ca++ independent enZyme, a 130 kD protein, Which 
is induced after activation of vascular smooth muscle, mac 
rophages, endothelial cells, and a number of other cells by 
endotoxin and cytokines; and 

(iii) a constitutive, Ca++/calmodulin dependent enZyme, 
located in the endothelium, that releases NO in response to 
receptor or physical stimulation. 

Once expressed, inducible nitric oxide synthase (hereinaf 
ter “iNOS”) generates NO continuously for long periods. 
Clinical studies have shoWn that NO production and iNOS 
expression are increased in a variety of chronic in?ammatory 
diseases, such as rheumatoid and osteoarthritis (see, e.g., 
McInnes I. B. et al., J. Exp. Med. 184:1519 (1996)), in?am 
matory boWel disease (see, e.g., Lundberg J. O. N. et al., 
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2 
Lancet 344: 1673, (1994)), and asthma (see, e.g., Hamid, O. et 
al., Lancet 342:1510 (1993)), and iNOS is implicated as a 
major pathological factor in these chronic in?ammatory dis 
eases. 

Thus, inhibition of excessive NO production by iNOS is 
likely to be anti-in?ammatory. HoWever, since the production 
of NO from eNOS and nN OS is involved in normal physiol 
ogy, it Would be desirable for any NOS inhibitor that is used 
for treating in?ammation be selective for iNOS, so that nor 
mal physiological modulation of blood pressure by eNOS 
generated NO, and non-adrenergic, non-cholinergic neuronal 
transmission by nNOS-generated NO Would remain unaf 
fected. 

With all pharmaceutical compounds and compositions, the 
chemical and physical stability of a drug compound is impor 
tant in the commercial development of that drug substance. 
Such stability includes the stability at ambient conditions, 
especially to moisture and under storage conditions. Elevated 
stability at different conditions of storage is needed to predict 
the different possible storage conditions during the lifetime of 
a commercial product. A stable drug avoids the use of special 
storage conditions as Well as frequent inventory replacement. 
A drug compound must also be stable during the manufac 
turing process Which often requires milling of the drug to 
achieve drug material With uniform particle siZe and surface 
area. Unstable materials often undergo polymorphic changes. 
Therefore, any modi?cation of a drug substance Which 
enhances its stability pro?le provides a meaningful bene?t 
over less stable substances. 

Several inhibitors of iNOS have been described, such as, 
for example, S-[2-[(1-iminoethyl)amino]ethyl]-2-methyl-L 
cysteine, Which is described and claimed in commonly 
assigned US. Pat. No. 6,403,830. That compound, hoWever, 
is an amorphous solid. It Would be desirable, therefore, to 
provide a crystalline solid form of an iNOS inhibitor such as 
S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application ?le contains at least one draWing 
executed in color. Copies of this patent or application publi 
cation With color draWing(s) Will be provided by the O?ice 
upon request and payment of the necessary fee. 

FIG. 1 shoWs a poWder X-ray diffraction pattern of crys 
talline S-[2-[(1-Iminoethyl)amino]ethyl]-2-methyl-L-cys 
teine maleate hydrochloride obtained from Example 9 (top 
pattern) and Example 20 (bottom pattern); 

FIG. 2 is a graph of a differential scanning calorimetry 
study ofa sample (Example 11) of crystalline S-[2-[(1-Imi 
noethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydro 
chloride; 

FIG. 3 is a thermogravimetric plot of a sample (Example 
11) of crystalline S-[2-[(1-Iminoethyl)amino]ethyl]-2-me 
thyl-L-cysteine maleate hydrochloride; 

FIG. 4 is a plot of a moisture sorption study of a sample 
(Example 10) of crystalline S-[2-[(1-Iminoethyl)amino] 
ethyl]-2-methyl-L-cysteine maleate hydrochloride; 

FIG. 5 shoWs a Raman spectrum of the crystalline S-[2 
[(1 -Iminoethyl)amino] ethyl] -2 -methyl-L-cysteine maleate 
hydrochloride obtained from a sample from Example 20; 

FIG. 6 is a photomicrograph of the crystalline S-[2-[(1 
Iminoethyl)amino]ethyl] -2 -methyl-L-cysteine maleate 
hydrochloride from Example 9; 

FIG. 7 are tWo SEM pictures of the randomly packed 
agglomerates of crystalline S-[2-[(1-Iminoethyl)amino] 
ethyl]-2-methyl-L-cysteine maleate hydrochloride obtained 
from Example 9, FIG. 7A shoWs the generally random shape 
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of the agglomerates, While FIG. 7B shows the random pack 
ing of crystals Within the agglomerates; 

FIG. 8 shoWs various SEM pictures of the orderly packed 
agglomerates of crystalline S-[2-[(l-lminoethyl)amino] 
ethyl]-2-methyl-L-cysteine maleate hydrochloride made 
through seeded QESD crystallization process and obtained 
from Example 20; 

FIG. 9 shoWs tWo SEM pictures of the orderly packed 
agglomerates of crystalline S-[2-[(l-lminoethyl)amino] 
ethyl]-2-methyl-L-cysteine maleate hydrochloride made 
through in-situ seeded QESD crystallization process and 
obtained from Example 23, FIG. 9A shoWs the generally 
cylindrical shape, While FIG. 9B shoWs the generally ordered 
crystals; 

FIG. 10 is a conceptual x-T diagram for a ternary system 
exhibiting LLPS behavior for a ?xed amount of anti-solvent 

FIG. 11 is a chart shoWing coexisting surfaces at constant 
temperature for a ternary system 

FIG. 12 shoWs a graph of particle size distribution of 
orderly packed agglomerates of S-[2-[(l-lminoethyl)amino] 
ethyl]-2-methyl-L-cysteine maleate hydrochloride crystals; 

FIG. 13 is a graph plotting tablet hardness as a function of 
compression force; 

FIG. 14 is a graph plotting tablet thickness as a function of 
compression force; and 

FIG. 15 is a graphical representation of tablet disintegra 
tion time. 

SUMMARY OF THE INVENTION 

The present invention is directed to a novel crystalline salt 
form of S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L-cys 
teine, pharmaceutical compositions, four mechanistically 
different novel crystallization process designs to tailor bulk 
physical properties during the preparation of the novel salt 
compound, a process for preparing pharmaceutical composi 
tions, and methods of using said novel mixed crystalline salt 
compound and compositions for inhibiting or modulating 
nitric oxide synthesis in a subject in need of such inhibition or 
modulation by administering a salt of a compound Which 
preferentially inhibits or modulates the inducible isoform of 
nitric oxide synthase over the constitutive isoforrns of nitric 
oxide synthase. The present salt compound possesses useful 
nitric oxide synthase inhibiting activity, and is expected to be 
useful in the treatment or prophylaxis of a disease or condi 
tion in Which the synthesis or oversynthesis of nitric oxide 
forms a contributory part. 

Stoichiometrically, the novel salt is tWo molecules of S-[2 
[(1 -lminoethyl)amino] ethyl] -2-methyl-L-cysteine With one 
molecule of maleic acid and one molecule of hydrochloride. 

The novel crystalline mixed salt is characterized by some 
or all of the folloWing physical measurements: elemental 
analysis (such as by combustion analysis), melting point and 
heat of fusion (differential scanning calorimetry and thermo 
gravimetric analysis), refractive indices (polarized light 
microscopy), x-ray poWder diffraction pattern, Raman spec 
troscopy and moisture sorption (for example, DVS moisture 
balance). 

The present novel salt can be used to treat diseases involv 
ing cartilage degeneration, Which takes place in certain con 
ditions such as arthritis. Accordingly, conditions in Which 
there is an advantage in inhibiting NO production from 
L-arginine include arthritic conditions such as rheumatoid 
arthritis, osteoarthritis, gouty arthritis, juvenile arthritis, sep 
tic arthritis, spondyloarthritis, acute rheumatic arthritis, 
enteropathic arthritis, neuropathic arthritis, and pyogenic 
arthritis. In addition, NO-induced depression of chondrocyte 
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4 
respiration could modulate matrix loss- and secondary carti 
lage mineralization in arthritis, in particular osteoarthritis. 

Other conditions for Which the present mixed salt may be 
useful include chronic or in?ammatory boWel disease, car 
diovascular ischemia, diabetes, congestive heart failure, myo 
carditis, atherosclerosis, migraine, glaucoma, aortic aneu 
rysm, re?ux esophagitis, diarrhea, irritable boWel syndrome, 
cystic ?brosis, emphysema, asthma, bronchiectasis, hyperal 
gesia, cerebral ischemia, thrombotic stroke, global ischemia 
(secondary to cardiac arrest), multiple sclerosis and other 
central nervous system disorders mediated by NO, for 
example Parkinson’s disease and Alzheimer’s disease. Eur 
ther neurodegenerative disorders in Which NO inhibition may 
be useful include nerve degeneration and/ or nerve necrosis in 
disorders such as hypoxia, hypoglycemia, epilepsy, and in 
external Wounds (such as spinal cord and head injury), hyper 
baric oxygen convulsions and toxicity, dementia e.g. pre 
senile dementia, and AIDS-related dementia, Sydenham’s 
chorea, Huntington’s disease, Amyotrophic Lateral Sclero 
sis, Korsakoff” s disease, imbecility relating to a cerebral ves 
sel disorder, sleeping disorders, schizophrenia, depression, 
depression or other symptoms associated With Premenstrual 
Syndrome (PMS), anxiety and septic shock. 
The present mixed salt may also be used Where nitric oxide 

inhibition may also play a role in the treatment, such as pain 
including somatogenic (either nociceptive or neuropathic), 
both acute and chronic. The present mixed salt could be used 
in any situation that a common NSAID or opioid analgesic 
Would traditionally be administered. 

Still, other disorders that may be treated by inhibiting NO 
production With the present mixed salt include opiate toler 
ance in patients needing protracted opiate analgesics, and 
benzodiazepine tolerance in patients taking benzodiazepines, 
and other addictive behavior, for example, nicotine and eating 
disorders. The present mixed salt may also be useful as anti 
bacterial agents. 

Further conditions in Which the present mixed salt may be 
used to inhibit NO production from L-arginine include sys 
temic hypotension associated With septic and/ or toxic shock 
induced by a Wide variety of agents; therapy With cytokines 
such as TNF, lL-l and IL-2; and as an adjuvant to short term 
immunosuppression in transplant therapy. 
The present mixed salt may also be useful in the treatment 

of ocular conditions (such as ocular hypertension retinitis 
uveitis), systemic lupus erythematosis (SLE), glomerulone 
phritis, restenosis, in?ammatory sequelae of viral infections, 
acute respiratory distress syndrome (ARDS), oxidant-in 
duced lung injury, 1L2 therapy such as in a cancer patient, 
cachexia, immunosuppression such as in transplant therapy, 
disorders of gastrointestinal motility, sunburn, eczema, pso 
riasis, gingivitis, pancreatitis, damage to the gastrointestinal 
tract resulting from infections, cystic ?brosis, treatment to a 
dysfunctional immune system such as an adjuvant to short 
term immuno suppression in organ transplant therapy, induc 
tion, of labor, adenomatous polyposis, controlling tumor 
groWth, chemotherapy, chemoprevention and bronchitis. 
The present invention is also directed to pharmaceutical 

compositions for the treatment of pain, asthma and other 
airWay disorders, cancer, arthritis, ocular disorders including 
retinopathies and glaucoma, in?ammation related disorders 
including irritable boWel syndrome, and other disorders in 
Which an excessive production of nitric oxide plays a role, 
Which comprises a therapeutically effective amount of crys 
talline S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L-cys 
teine maleate hydrochloride together With a pharmaceutically 
acceptable carrier, diluent or vehicle. 



US 7,767,850 B2 
5 

Besides being useful for human treatment, this form is also 
useful for veterinary treatment of companion animals, exotic 
animals and farm animals, including mammals, rodents, and 
the like. More preferred animals include horses, dogs, and 
cats. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

The terms “treat,” “treating” and “treatment,” as used 
herein includes prophylactic, palliative treatment, or restor 
ative treatment. 

The term “effective amount” means a dose conducive to 
treatment. An effective amount may be administered in a 
single dose, or in divided doses over a period of time. 
The term “ACN” means acetonitrile. 

The term “amorphous” as applied to S-[2-[(l-Iminoethyl) 
amino]ethyl]-2-methyl-L-cysteine herein refers to a solid 
state Wherein the S-[2-[(l-Iminoethyl)amino]ethyl]-2-me 
thyl-L-cysteine molecules are present in a disordered 
arrangement and do not form a distinguishable crystal lattice 
or unit cell. When subjected to X-ray poWder diffraction, 
amorphous S-[2-[(l-Iminoethyl)amino]ethyl]-2-methyl-L 
cysteine does not produce any characteristic crystalline 
peaks. 

The term “crystalline form” as applied to S-[2-[(l-Imino 
ethyl)amino]ethyl]-2-methyl-L-cysteine herein refers to a 
solid state form Wherein the S-[2-[(l-Iminoethyl)amino] 
ethyl]-2-methyl-L-cysteine molecules are arranged to form a 
distinguishable crystal lattice (i) comprising distinguishable 
unit cells, and (ii) yielding diffraction peaks When subjected 
to X-ray radiation. 

The terms “S-[2-[(l-Iminoethyl)amino]ethyl]-2-methyl 
L-cysteine maleate Form I,” S-[2-[(l-Iminoethyl)amino] 
ethyl]-2-methyl-L-cysteine Form I” and “Form I” all mean 
S-[2-[(l -Iminoethyl)amino] ethyl] -2 -methyl-L-cysteine 
maleate crystalline salt Form I, as more fully described in 
copending U.S. Application Ser. No. 60/453,796, incorpo 
rated herein by reference in its entirety. 

The terms “S-[2-[(l-Iminoethyl)amino]ethyl]-2-methyl 
L-cysteine maleate Form II,” S-[2-[(l-Iminoethyl)amino] 
ethyl]-2-methyl-L-cysteine Form II” and “Form II” all mean 
S-[2-[(l -Iminoethyl)amino] ethyl] -2 -methyl-L-cysteine 
maleate crystalline salt Form H, as more fully described in 
copending U.S. Application Ser. No. 60/453,782, incorpo 
rated herein by reference in its entirety. 

The terms “S-[2-[(l-Iminoethyl)amino]ethyl]-2-methyl 
L-cysteine maleate hydrochloride,” crystalline S-[2-[(l -Imi 
noethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydro 
chloride,” and “mixed salt” all refer to the crystalline form of 
S-[2-[(l -Iminoethyl)amino] ethyl] -2 -methyl-L-cysteine 
maleate hydrochloride, having stoichiometrically one mole 
of S-[2-[(l-Iminoethyl)amino]ethyl]-2-methyl-L-cysteine 
for 0.5 moles of maleate and 0.5 moles of HCl, as more fully 
described herein. 

The term “crystallization” as used herein can refer to crys 
tallization and/or recrystallization depending upon the appli 
cable circumstances relating to preparation of S-[2-[(l-Imi 
noethyl)amino] ethyl] -2 -methyl-L-cysteine starting material. 

The term “API,” as used herein, means active pharmaceu 
tical ingredient. 

The term “bis,” as used herein, means N,N'-Methylene-bis 
acrylamide 

The term “DI Water,” as used herein, means deionized 
Water. 
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6 
The term “DMF,” as used herein, means N,N-dimethylfor 

mamide. 
The term “D/W/A” refers to a ternary solvent system of 

N,N-dimethylformamide (DMF), Water and acetonitrile. 
The term “S-[2-[(l -Iminoethyl)amino]ethyl]-2-methyl-L 

cysteine drug substance” as used herein means S-[2-[(l-Imi 
noethyl)amino]ethyl]-2-methyl-L-cysteine per se as quali 
?ed by the context in Which the term is used, and can refer to 
unformulated S-[2- [( l -Iminoethyl)amino]ethyl] -2-methyl 
L-cysteine or to S-[2- [( l -Iminoethyl)amino]ethyl] -2-methyl 
L-cysteine present as an ingredient of a pharmaceutical com 
position. 

The term “DSC” means differential scanning calorimetry. 
The term “AHRfMS” or “AH fus” means the enthalpy of 

fusion of a substance, and refers to the energy (measured in 
kiloj oules (Kj)) required to melt one gram of the substance at 
its melting point temperature. 
The term “HPLC” means high pressure liquid chromatog 

raphy. 
The term “IR” means infrared. 

The term “kN” means kiloneWtons. 

The term “kP” means kiloponds. 
The term “p,” or rho, as used herein, refers to density. 
The term “pl,” means bulk density. 
The term “pt” means tapped density. 
The term “CI” means Compressibility Index, as de?ned by 

the formula: 

The term “NMR” means nuclear magnetic resonance, and 
may apply to nuclear magnetic resonance spectroscopy. 
The term “ml” means milliliters. 

The term “mg” means milligrams. 
The term “g” means grams 
The term “kg” means kilograms 
The term “pg” means micrograms 
The term “pl” means microliters. 
The term “min” means minutes. 

The term “MW” means molecular Weight. 
The term “nucleation,” as used herein, means the formation 

of crystals in a solution. 
The term “Purity” as used herein, unless otherWise quali 

?ed, means the chemical purity of crystalline S-[2-[(l-Imi 
noethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydro 
chloride according to conventional HPLC assay. 
The term “PXRD” means poWder X-ray diffraction. 
The term “rpm” means revolutions per minute. 
The term “seeding,” as used herein, means the addition of 

crystals to a crystallization system, for the purpose of initiat 
ing or enhancing nucleation or acting as substrate for further 
crystallization. 
The term “agglomerates”, generally refers to random or 

orderly packing of individual crystals in units that are not 
readily destroyed during energetically mild operations such 
as transfer of solids. 
The term “SEM” means scanning electron microscopy. 
The term “TGA” means thermogravimetric analysis. 
The term “Tm” means melting temperature. 
The term “zWitterion” or “ZW” means a molecule that 

carries both a positive and negative charge. The term “free 
zWitterion” means a zWitterion such that the net charge of the 
molecule is zero. Unless otherWise indicated, the term “zWit 
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terion” and “ZW,” as used herein, means S-[2-[(l-lminoet 
hyl)amino]ethyl]-2-methyl-L-cysteine ZWitterion. 

S- [2-[(l -lminoethyl)amino]ethyl] -2-methyl-L-cysteine 
maleate hydrochloride crystalline salt Will be useful for treat 
ing, among other things, in?ammation in a subject, or for 
treating other nitric oxide synthase-mediated disorders, such 
as, as an analgesic in the treatment of pain and headaches, or 
as an antipyretic for the treatment of fever. For example, 
S-[2-[(l -lminoethyl)amino] ethyl] -2 -methyl-L-cysteine 
maleate hydrochloride crystalline salt Will be useful to treat 
arthritis, including but not limited to rheumatoid arthritis, 
spondyloarthropathies, gouty arthritis, osteoarthritis, sys 
temic lupus erythemato sus, juvenile arthritis, acute rheumatic 
arthritis, enteropathic arthritis, neuropathic arthritis, psoriatic 
arthritis, and pyogenic arthritis. Conditions in Which the S- [2 
[(l -lminoethyl)amino] ethyl] -2 -methyl-L-cysteine maleate 
hydrochloride crystalline salt Will provide an advantage in 
inhibiting NO production from L-arginine include arthritic 
conditions. 

S- [2-[(l -lminoethyl)amino]ethyl] -2-methyl-L-cysteine 
maleate hydrochloride crystalline salt Will be further useful in 
the treatment of asthma, bronchitis, menstrual cramps (e.g., 
dysmenorrhea), premature labor, tendinitis, bursitis, skin-re 
lated conditions such as psoriasis, ecZema, burns, sunburn, 
dermatitis, pancreatitis, hepatitis, and from post-operative 
in?ammation including from ophthalmic surgery such as 
cataract surgery and refractive surgery. S-[2-[(l-lminoethyl) 
amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride 
crystalline salt also Would be useful to treat gastrointestinal 
conditions such as in?ammatory boWel disease, Crohn’s dis 
ease, gastritis, irritable boWel syndrome and ulcerative colitis. 

S- [2-[(l -lminoethyl)amino]ethyl] -2-methyl-L-cysteine 
maleate hydrochloride crystalline salt Would be useful for the 
prevention or treatment of cancer, such as colorectal cancer, 
and cancer of the breast, lung, prostate, bladder, cervix and 
skin. S-[2-[(l -lminoethyl)amino]ethyl]-2-methyl-L-cysteine 
maleate hydrochloride crystalline salt of the invention Would 
be useful in treating in?ammation and tissue damage in such 
diseases as vascular diseases, migraine headaches, periar‘teri 
tis nodosa, thyroiditis, aplastic anemia, Hodgkin’s disease, 
sclerodoma, rheumatic fever, type I diabetes, neuromuscular 
junction disease including myasthenia gravis, White matter 
disease including multiple sclerosis, sarcoidosis, nephrotic 
syndrome, Behcet’s syndrome, polymyositis, gingivitis, 
nephritis, hypersensitivity, sWelling occurring after injury, 
myocardial ischemia, and the like. The S-[2-[(l-lminoethyl) 
amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride 
crystalline salt Would also be useful in the treatment of oph 
thalmic diseases, such as glaucoma, retinitis, retinopathies, 
uveitis, ocular photophobia, and of in?ammation and pain 
associated With acute injury to the eye tissue. Of particular 
interest among the uses of the present inventive S-[2-[(l 
lminoethyl)amino] ethyl] -2 -methyl-L-cysteine maleate 
hydrochloride crystalline salt is the treatment of glaucoma, 
especially Where symptoms of glaucoma are caused by the 
production of nitric oxide, such as in nitric oxide-mediated 
nerve damage. 

S- [2-[(l -lminoethyl)amino]ethyl] -2-methyl-L-cysteine 
maleate hydrochloride crystalline salt Would also be useful in 
the treatment of pulmonary in?ammation, such as that asso 
ciated With viral infections and cystic ?brosis. The S-[2-[(l - 
lminoethyl)amino] ethyl] -2 -methyl-L-cysteine maleate 
hydrochloride crystalline salt Would also be useful for the 
treatment of certain central nervous system disorders, such as 
cortical dementias including Alzheimer’ s disease, and central 
nervous system damage resulting from stroke, ischemia and 
trauma. 
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8 
The S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L-cys 

teine maleate hydrochloride crystalline salt is useful as an 
anti-in?ammatory agent, such as for the treatment of arthritis, 
With the additional bene?t of having signi?cantly less harm 
ful side effects. 

S- [2-[(l -lminoethyl)amino] ethyl] -2 -methyl-L-cysteine 
maleate hydrochloride crystalline salt Would also be useful in 
the treatment of allergic rhinitis, respiratory distress syn 
drome, endotoxin shock syndrome, and atherosclerosis. 

S- [2-[(l -lminoethyl)amino] ethyl] -2 -methyl-L-cysteine 
maleate hydrochloride crystalline salt Would also be useful in 
the treatment of pain, including but not limited to postopera 
tive pain, dental pain, muscular pain, and pain resulting from 
cancer. S-[2- [( l -lminoethyl)amino]ethyl] -2-methyl-L-cys 
teine maleate hydrochloride crystalline salt Would be useful 
for the prevention of dementias, such as Alzheimer’ s disease. 

Besides being useful for human treatment, S- [2-[(l -lmino 
ethyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochlo 
ride crystalline salt is also useful for veterinary treatment of 
companion animals, exotic animals and farm animals, includ 
ing mammals, rodents, and the like. More preferred animals 
include horses, dogs, and cats. 
The present S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl 

L-cysteine maleate hydrochloride crystalline salt may also be 
used in co-therapies, partially or completely, in place of other 
conventional antiin?ammatory therapies, such as together 
With steroids, NSAlDs, COX-2 selective inhibitors, 5-lipoxy 
genase inhibitors, LTB4 antagonists and LTA4 hydrolase 
inhibitors. 

Other conditions in Which the S-[2- [( l -lminoethyl)amino] 
ethyl]-2-methyl-L-cysteine maleate hydrochloride crystal 
line salt of the present invention Will provide an advantage in 
inhibiting NO inhibition include cardiovascular ischemia, 
diabetes (type I or type II), congestive heart failure, myo 
carditis, atherosclerosis, migraine, glaucoma, aortic aneu 
rysm, re?ux esophagitis, diarrhea, irritable boWel syndrome, 
cystic ?brosis, emphysema, asthma, bronchiectasis, hyperal 
gesia (allodynia), cerebral ischemia (both focal ischemia, 
thrombotic stroke and global ischemia (for example, second 
ary to cardiac arrest), multiple sclerosis and other central 
nervous system disorders mediated by NO, for example Par 
kinson’s disease. Further neurodegenerative disorders in 
Which NO inhibition may be useful include nerve degenera 
tion or nerve necrosis in disorders such as hypoxia, hypogly 
cemia, epilepsy, and in cases of central nervous system (CNS) 
trauma (such as spinal cord and head injury), hyperbaric 
oxygen convulsions and toxicity, dementia e.g. pre-senile 
dementia, and AIDS-related dementia, cachexia, Syden 
ham’s chorea, Huntington’s disease, Amyotrophic Lateral 
Sclerosis, Korsakoff s disease, imbecility relating to a cere 
bral vessel disorder, sleeping disorders, schiZophrenia, 
depression, depression or other symptoms associated With 
Premenstrual Syndrome (PMS), anxiety and septic shock. 
The S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L-cys 

teine maleate hydrochloride crystalline salt of the present 
invention Will also be useful in the treatment of pain including 
somatogenic (either nociceptive or neuropathic), both acute 
and chronic. S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L 
cysteine maleate hydrochloride crystalline salt could be used 
in any situation including neuropathic pain that a common 
NSAID or opioid analgesic Would traditionally be adminis 
tered. 

Still other disorders or conditions Which Will be advanta 
geously treated by the S-[2-[(l-lminoethyl)amino]ethyl]-2 
methyl-L-cysteine maleate hydrochloride crystalline salt of 
the present invention include treatment or prevention of opi 
ate tolerance in patients needing protracted opiate analgesics, 
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and benZodiaZepine tolerance in patients taking benZodiaZ 
epines, and other addictive behavior, for example, nicotine 
addiction, alcoholism, and eating disorders. 

The S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L-cys 
teine maleate hydrochloride crystalline salt of the present 
invention Will also be useful in the treatment or prevention of 
drug WithdraWal symptoms, for example treatment or preven 
tion of symptoms of WithdraWal from opiate, alcohol, or 
tobacco addiction. 

The S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L-cys 
teine maleate hydrochloride crystalline salt may also be use 
ful to prevent tissue damage When therapeutically combined 
With antibacterial or antiviral agents. 

The S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L-cys 
teine maleate hydrochloride crystalline salt of the present 
invention Will also be useful in inhibiting NO production 
from L-arginine including systemic hypotension associated 
With septic and/or toxic hemorrhagic shock induced by a Wide 
variety of agents; therapy With cytokines such as TNF, lL-l 
and IL-2; and as an adjuvant to short term immunosuppres 
sion in transplant therapy. 
The present invention is further directed to the use of the 

S-[2-[(l -lminoethyl)amino] ethyl] -2 -methyl-L-cysteine 
maleate hydrochloride crystalline salt of the present invention 
for the treatment and prevention of neoplasias. The neoplasias 
that Will be treatable or preventable by the S-[2-[(l -lminoet 
hyl)amino]ethyl]-2-methyl-L-cysteine maleate hydrochlo 
ride crystalline salt and methods of the present invention 
include brain cancer, bone cancer, a leukemia, a lymphoma, 
epithelial cell-derived neoplasia (epithelial carcinoma) such 
as basal cell carcinoma, adenocarcinoma, gastrointestinal 
cancer such as lip cancer, mouth cancer, esophogeal cancer, 
small boWel cancer and stomach cancer, colon cancer, liver 
cancer, bladder cancer, pancreas cancer, ovary cancer, cervi 
cal cancer, lung cancer, breast cancer and skin cancer, such as 
squamous cell and basal cell cancers, prostate cancer, renal 
cell carcinoma, and other knoWn cancers that effect epithelial 
cells throughout the body. Preferably, the neoplasia to be 
treated is selected from gastrointestinal cancer, liver cancer, 
bladder cancer, pancreas cancer, ovary cancer, prostate can 
cer, cervical cancer, lung cancer, breast cancer and skin can 
cer, such as squamous cell and basal cell cancers. The present 
S-[2-[(l -lminoethyl)amino] ethyl] -2 -methyl-L-cysteine 
maleate hydrochloride crystalline salt Form II and methods 
can also be used to treat the ?brosis Which occurs With radia 
tion therapy. The present S-[2-[(l -lminoethyl)amino]ethyl] 
2-methyl-L-cysteine maleate hydrochloride crystalline salt 
and methods can be used to treat subjects having adenoma 
tous polyps, including those With familial adenomatous poly 
posis (FAP). Additionally, the present S-[2-[(l-lminoethyl) 
amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride 
crystalline salt and methods can be used to prevent polyps 
from forming in patients at risk of PAP. 

Conjunctive treatment of a S-[2-[(l-lminoethyl)amino] 
ethyl]-2-methyl-L-cysteine maleate hydrochloride crystal 
line salt of the present invention With another antineoplastic 
agent Will produce a synergistic effect or alternatively reduce 
the toxic side effects associated With chemotherapy by reduc 
ing the therapeutic dose of the side effect-causing agent 
needed for therapeutic ef?cacy or by directly reducing symp 
toms of toxic side effects caused by the side effect-causing 
agent. S-[2-[(l-lminoethyl)amino]ethyl]-2-methyl-L-cys 
teine maleate hydrochloride crystalline salt of the present 
invention Will further be useful as an adjunct to radiation 
therapy to reduce side effects or enhance ef?cacy. 

In the present invention, another agent Which can be com 
bined therapeutically With the S-[2-[(l-lminoethyl)amino] 
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10 
ethyl]-2-methyl-L-cysteine maleate hydrochloride crystal 
line salt of the present invention includes any therapeutic 
agent Which is capable of inhibiting the enZyme cyclooxyge 
nase-2 (“COX-2”). Preferably such COX-2 inhibiting agents 
inhibit COX-2 selectively relative to the enZyme cyclooxy 
genase-l (“COX-l”). Such a COX-2 inhibitor is knoWn as a 
“COX-2 selective inhibitor”. COX-2 selective inhibitors use 
ful in therapeutic combination With the S-[2-[(l-lminoethyl) 
amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride 
crystalline salt of the present invention include celecoxib, 
valdecoxib, deracoxib, etoricoxib, rofecoxib,ABT-963 (2-(3, 
4-di?uorophenyl)-4-(3 -hydroxy-3-methyl-l -butoxy)-5 -[4 
(methylsulfonyl)phenyl-3(2H)-pyridaZinone; described in 
PCT Patent Application No. WO 00/24719), or meloxicam. 
S-[2- [( l -lminoethyl)amino]ethyl] -2 -methyl-L-cysteine 
maleate hydrochloride crystalline salt of the present invention 
can also be advantageously used in therapeutic combination 
With a prodrug of a COX-2 selective inhibitor, for example 
parecoxib. 

Another chemotherapeutic agent Which Will be useful in 
combination With the S-[2-[(l-lminoethyl)amino]ethyl]-2 
methyl-L-cysteine maleate hydrochloride crystalline salt of 
the present invention can be selected, for example, from the 
folloWing non-comprehensive and non-limiting list: 

Alpha-di?uoromethylornithine (DFMO), 5-FU-?brino 
gen, acanthifolic acid, aminothiadiaZole, brequinar sodium, 
carmofur, Ciba-Geigy CGP-30694, cyclopentyl cytosine, 
cytarabine phosphate stearate, cytarabine conjugates, Lilly 
DATHF, Merrel DoW DDFC, deZaguanine, dideoxycytidine, 
dideoxyguanosine, didox, Yoshitomi DMDC, doxi?uridine, 
Wellcome EHNA, Merck & Co. EX-0l5, faZarabine, ?oxu 
ridine, ?udarabine phosphate, 5-?uorouracil, N-(2'-fu 
ranidyl)-5-?uorouracil, Daiichi Seiyaku FO-l52, isopropyl 
pyrroliZine, Lilly LY-l880ll, Lilly LY-2646l8, methoben 
Zaprim, methotrexate, Wellcome MZPES, norspermidine, 
NCI NSC-127716, NCI NSC-264880, NCI NSC-39661, NCI 
NSC-612567, Wamer-Lambert PALA, pentostatin, piritr 
exim, plicamycin, Asahi Chemical PL-AC, Takeda TAC-788, 
thioguanine, tiaZofurin, Erbamont TIF, trimetrexate, tyrosine 
kinase inhibitors, tyrosine protein kinase inhibitors, Taiho 
UFT, uricytin, Shionogi 254-S, aldo-phosphamide ana 
logues, altretamine, anaxirone, Boehringer Mannheim BBR 
2207, bestrabucil, budotitane, Wakunaga CA-l02, carbopl 
atin, carmustine, Chinoin-139, Chinoin-153, chlorambucil, 
cisplatin, cyclophosphamide, American Cyanamid 
CL-286558, Sano? CY-233, cyplatate, Degussa D-l9-384, 
Sumimoto DACHP(Myr)2, diphenylspiromustine, diplati 
num cytostatic, Erba distamycin derivatives, Chugai DWA 
21 14R, lTl E09, elmustine, Erbamont PCB-24517, estramus 
tine phosphate sodium, fotemustine, Unimed G-6-M, 
Chinoin GYKl-l7230, hepsul-fam, ifosfamide, iproplatin, 
lomustine, mafosfamide, mitolactol, Nippon Kayaku 
NK-l2l, NCI NSC-264395, NCI NSC-342215, oxaliplatin, 
Upjohn PCNU, prednimustine, Proter PTT-l l 9, ranimustine, 
semustine, SmithKline SK&F-l0l772, Yakult Honsha 
SN-22, spiromus-tine, Tanabe Seiyaku TA-077, tauromus 
tine, temoZolomide, teroxirone, tetraplatin, trimelamol, 
Taiho 4l8l-A, aclarubicin, actinomycin D, actinoplanone, 
Erbamont ADR-456, aeroplysinin derivative, Ajinomoto 
AN-20l-ll, Ajinomoto AN-3, Nippon Soda anisomycins, 
anthracycline, aZino-mycin-A, bisucaberin, Bristol-Myers 
BL-6859, Bristol-Myers BMY-25067, Bristol-Myers BMY 
25551, Bristol-Myers BMY-26605, Bristol-Myers BMY 
27557, Bristol-Myers BMY-28438, bleomycin sulfate, bry 
ostatin-l, Taiho C-l027, calichemycin, chromoximycin, 
dactinomycin, daunorubicin, KyoWa. Hakko DC-l02, 
KyoWa Hakko DC-79, KyoWa Hakko DC-88A, KyoWa 
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Hakko DC89-A1, KyoWa Hakko DC92-B, ditrisarubicin B, 
Shionogi DOB-41, doxorubicin, doxorubicin-?brinogen, 
elsamicin-A, epirubicin, erbstatin, esorubicin, esperamicin 
A1, esperamicin-Alb, Erbamont FCE-21954, FujisaWa 
FK-973, fostriecin, FujisaWa FR-900482, glidobactin, grega 
tin-A, grincamycin, herbimycin, idar'ubicin, illudins, kaZusa 
mycin, kesarirhodins, KyoWa Hakko KM-5539, Kirin BreW 
ery KRN-8602, KyoWa Hakko KT-5432, KyoWa Hakko 
KT-5594, KyoWa Hakko KT-6149, American Cyanamid LL 
D49194, Meiji Seika ME 2303, menogaril, mitomycin, 
mitoxantrone, SmithKline M-TAG, neoenactin, Nippon Kay 
aku NK-313, Nippon Kayaku NKT-Ol, SRI International 
NSC-357704, oxalysine, oxaunomycin, peplomycin, pilatin, 
pirarubicin, porothramycin, pyrindamycin A, Tobishi RA-I, 
rapamycin, rhiZoxin, rodorubicin, sibanomicin, siWenmycin, 
Sumitomo SM-5887, SnoW Brand SN-706, SnoW Brand 
SN-07, sorangicin-A, sparsomycin, SS Pharmaceutical 
SS-21020, SS Pharmaceutical SS-7313B, SS Pharmaceutical 
SS-9816B, stef?mycin B, Taiho 4181-2, talisomycin, Takeda 
TAN-868A, terpentecin, thraZine, tricroZarin A, Upjohn 
U-73975, KyoWa Hakko UCN-10028A, FujisaWa WF-3405, 
Yoshitomi Y-25024 Zorubicin, alpha-carotene, alpha-di?uo 
romethyl-arginine, acitretin, Biotec AD-5, Kyorin AHC-52, 
alstonine, amona?de, amphethinile, amsacrine, Angiostat, 
ankinomycin, anti-neoplaston A10, antineoplaston A2, anti 
neoplaston A3, antineoplaston A5, antineoplaston AS2-1, 
Henkel APD, aphidicolin glycinate, asparaginase, Avarol, 
baccharin, batracylin, ben?uron, benZotript, Ipsen-Beaufour 
BIM-23015, bisantrene, Bristo-Myers BMY-40481, Vestar 
boron-10, bromofosfamide, Wellcome BW-502, Wellcome 
BW-773, caracemide, carmethiZole hydrochloride, Ajino 
moto CDAF, chlorsulfaquinoxalone, Chemex CHX-2053, 
Chemex CHX-100, Warner-Lambert CI-921, Warner-Lam 
bert CI-937, Wamer-Lambert CI-941, Wamer-Lambert 
CI-958, clanfenur, claviridenone, ICN compound 1259, ICN 
compound 4711, Contracan, Yakult Honsha CPT-11, crisna 
tol, curaderm, cytochalasin B, cytarabine, cytocytin, MerZ 
D-609, DABIS maleate, dacarbaZine, datelliptinium, didem 
nin-B, dihaematoporphyrin ether, dihydrolenperone, dina 
line, distamycin, Toyo Pharmar DM-341, Toyo Pharmar 
DM-75, Daiichi Seiyaku DN-9693, elliprabin, elliptinium 
acetate, Tsumura EPMTC, ergotamine, etoposide, etretinate, 
fenretinide, FujisaWa FR-57704, gallium nitrate, genkW 
adaphnin, Chugai GLA-43, Glaxo GR-63178, grifolan NMF 
5N, hexadecylphosphocholine, Green Cross HO-221, homo 
harringtonine, hydroxyurea, BTG ICRF-187, ilmofosine, 
isoglutamiine, isotretinoin, Otsuka JI-36, Ramot K-477, 
Otsuak K-76COONa, Kureha Chemical K-AM, MECT Corp 
KI-8110, American Cyanamid L-623, leukoregulin, 
lonidamine, Lundbeck LU-23-112, Lilly LY-186641, NCI 
(US) MAP, marycin, Merrel DoW MDL-27048, Medco 
MEDR-340, merbarone, merocyanine derivatives, methyla 
nilinoacridine, Molecular Genetics MGI-136, minactivin, 
mitona?de, mitoquidone, mopidamol, motretinide, Zenyaku 
Kogyo MST-16, N-(retinoyl)amino acids, Nisshin Flour 
Milling N-021, N-acylated-dehydroalanines, nafaZatrom, 
Taisho NCU-190, nocodaZole derivative, Normosang, NCI 
NSC-145813, NCI NSC-361456, NCI NSC-604782, NCI 
NSC-95580, octreotide, Ono ONO-112, oquiZanocine, AkZo 
Org-10172, pancratistatin, paZelliptine, Wamer-Lambert 
PD-111707, Wamer-Lambert PD-115934, Wamer-Lambert 
PD-131141, Pierre Fabre PE-1001, ICRT peptide D, pirox 
antrone, polyhaematoporphyrin, polypreic acid, Efamol por 
phyrin, probimane, procarbaZine, proglumide, Invitron pro 
tease nexin I, Tobishi RA-700, raZoxane, Sapporo Breweries 
RBS, restrictin-P, retelliptine, retinoic acid, Rhone-Poulenc 
RP-49532, Rhone-Poulenc RP-56976, SmithKline SK&F 
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104864, Sumitomo SM-108, Kuraray SMANCS, SeaPharm 
SP-10094, spatol, spirocyclopropane derivatives, spiroger 
manium, Unimed, SS Pharmaceutical SS-554, strypoldinone, 
Stypoldione, Suntory SUN 0237, Suntory SUN 2071, super 
oxide dismutase, Toyama T-506, Toyama T-680, taxol, Teijin 
TEI-0303, teniposide, thaliblastine, Eastman Kodak TJB-29, 
tocotrienol, Topostin, Teijin TT-82, KyoWa Hakko UCN-01, 
KyoWa Hakko UCN-1028, ukrain, Eastman Kodak USB-006, 
vinblastine sulfate, vincristine, vindesine, vinestramide, 
vinorelbine, vintriptol, vinZolidine, Withanolides, Yamanou 
chi YM-534, uroguanylin, combretastatin, dolastatin, idaru 
bicin, epirubicin, estramustine, cyclophosphamide, 9-amino 
2-(S)-camptothecin, topotecan, irinotecan (Camptosar), 
exemestane, decapeptyl (tryptorelin), or an omega-3 fatty 
acid. 

Examples of radioprotective agents Which may be used in 
a combination therapy With the S-[2-[(1-Iminoethyl)amino] 
ethyl]-2-methyl-L-cysteine maleate crystalline salt Form II 
of this invention include AD-5, adchnon, amifostine ana 
logues, detox, dimesna, 1-102, MM-159, N-acylated-dehy 
droalanines, TGF-Genentech, tiprotimod, amifostine, 
WR-151327, PUT-187, ketoprofen transderrnal, nabume 
tone, superoxide dismutase (Chiron) and superoxide dismu 
tase EnZon. 
The S-[2-[(1'-Iminoethyl)amino]ethyl]-2-methyl-L-cys 

teine maleate hydrochloride crystalline salt of the present 
invention Will also be useful in treatment or prevention of 
angiogenesis-related disorders or conditions, for example, 
tumor groWth, metastasis, macular degeneration, and athero 
sclerosis. 

In a further embodiment, the present invention also pro 
vides therapeutic combinations for the treatment or preven 
tion of ophthalmic disorders or conditions such as glaucoma. 
For example the present inventive S-[2-[(1-Iminoethyl) 
amino]ethyl]-2-methyl-L-cysteine maleate hydrochloride 
crystalline salt advantageously Will be used in therapeutic 
combination With a drug Which reduces the intraocular pres 
sure of patients afflicted with glaucoma. Such intraocular 
pressure-reducing drugs include Without limitation latano 
pro st, travoprost, bimatopro st, or unopro stol. The therapeutic 
combination of the S-[2-[(1-Iminoethyl)amino]ethyl]-2-me 
thyl-L-cysteine maleate hydrochloride crystalline salt of the 
present invention plus an intraocular pressure-reducing drug 
Will be useful because each is believed to achieve its effects by 
affecting a different mechanism. 

In another combination of the present invention, the 
present inventive S-[2-[(1-Iminoethyl)amino]ethyl]-2-me 
thyl-L-cysteine maleate hydrochloride crystalline salt can be 
used in therapeutic combination With an antihyperlipidemic 
or cholesterol-lowering drug such as a benZothiepine or a 
benZothiaZepine antihyperlipidemic drug. Examples of ben 
Zothiepine antihyperlipidemic drugs useful in the present 
inventive therapeutic combination can be found in US. Pat. 
No. 5,994,391, herein incorporated by reference. Some ben 
ZothiaZepine antihyperlipidemic drugs are described in W0 
93/ 16055. Alternatively, the antihyperlipidemic or choles 
terol-loWering drug useful in combination With a compound 
of the present invention can be an HMG Co-A reductase 
inhibitor. Examples of HMG Co-A reductase inhibitors use 
ful in the present therapeutic combination include, individu 
ally, ben?uorex, ?uvastatin, lovastatin, provastatin, simvas 
tatin, atorvastatin, cerivastatin, bervastatin, ZD-9720 
(described in PCT Patent Application No. WO 97/06802), 
ZD-4522 (CAS No. 147098-20-2 for the calcium salt; CAS 
No. 147098-18-8 for the sodium salt; described in European 
Patent No. EP 521471), BMS 180431 (CAS No. 129829-03 
4), or NK-104 (CAS No. 141750-63-2). The therapeutic com 








































